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(54) Planar switched antenna 

(57) Compact, planar antenna made on a substrate 
comprising an annular slot (1B) which is dimensioned 
to operate at a given frequency and which is placed in 
a short-circuit plane of a line (2B) via which the antenna 
slot is fed. 



A second slot feed line (2B 1 ) is symmetrically dis- 
posed with respect to the first line in the line short-circuit 
plane common to them. Each of the lines, furnished with 
a port (4B, 4B"), is connected to a switching facility (3B, 
3B') so as to allow the feeding of the antenna through 
one or the other of the two ports (4B, 4B'). 



FIG. 2 
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Description 

[0001] The invention pertains to the field of telecom- 
munications and relates to a compact, planar antenna 
which Is made on a substrate in the form of an annular 
slot, designed to operate at a given frequency, which is 
placed in a short-circuit plane of a line via which this slot 
is fed. 

[0002] It also relates to telecommunications terminals 
and in particular to the terminals of wireless mobile and 
domestic networks, where a compact and planar anten- 
na such as this is desired in order to allow a terminal to 
utilize one and the same polarization on transmission 
and on reception. 

[0003] For practical purposes and in order to occupy 
just a small volume, numerous wireless telecommuni- 
cations terminals make use of one and the same anten- 
na, made in a compact form, to transmit and receive. In 
a known form of embodiment, each terminal includes an 
antenna switch making it possible to link its antenna al- 
ternately either to a transmission module, or to a recep- 
tion module of which it makes use. As is known, the pow- 
er delivered by a terminal to its antenna within the con- 
text of a transmission is markedly greater than that 
which it receives within the context of a reception. The 
antenna switch, designed to operate with these different 
powers, often has the drawback of introducing appreci- 
able losses which degrade the performance of the ter- 
minal, both on transmission and in reception, and more- 
over it has a cost which is relatively high. 
[0004] A solution utilized within the context of point- 
to-point links makes it possible to avoid the use of an 
antenna switch, it consists in feeding the antenna of a 
terminal on two orthogonal polarizations. In one form of 
embodiment, a first linear and horizontal polarization is 
used for transmission from a terminal, a second linear 
and vertical polarization being used in reception. How- 
ever, this solution necessitates that communicating ter- 
minals have dissymmetric antennas, the polarization of 
a terminal on transmission corresponding to the polari- 
zation in reception of the terminal with which it is com- 
municating and vice-versa. 

[0005] Within the context of wireless telecommunica- 
tions networks, it is generally desired to retain the same 
polarization forthe transmit and receive pathways of the 
terminals. This has led to solutions envisaging the use 
of two antennas per terminal, one for transmission and 
the other for reception, so as to be able to retain the 
same polarization. 

[0006] The invention proposes a compact, planar an- 
tenna made on a substrate comprising an annular slot 
which is dimensioned to operate at a given frequency 
and which is placed in a short-circuit plane of a linevia 
which the said antenna slot is fed. 
[0007] According to a characteristic of the invention, 
the antenna comprises a second slot feed line which is 
symmetrically disposed with respect to the other in the 
said short-circuit plane common to them, each of the 



feed lines, furnished with a port making it possible to 
supply the antenna, being connected to a switching fa- 
cility by way of which this port can be rendered active 
or passive, so as to allow in particular alternate use of 

5 one and the same polarization on the basis of two dis- 
tinct ports, one for the purposes of transmission and the 
other for the purposes of reception. 
[0008] The invention also pertains to a telecommuni- 
cations terminal of the type including an antenna, as well 

10 as a rig for transmission and a rig for reception by radio 
both utilizing the antenna. 

[0009] The invention, its characteristics and its advan- 
tages are specified in the description which follows in 
conjunction with the figures mentioned hereinbelow. 

15 

Figure 1 depicts a basic layout relating to two known 
variants of a compact antenna with annular slot of 
circular form, one with an axial and rectilinear feed 
line, which is drawn solid and the other with an axial 
feed line comprising a doubly curved part which is 
drawn dashed. 

Figure 2 depicts a first exemplary compact antenna 
of planar type with annular slot, according to the in- 
vention, which makes it possible to utilize one and 
the same polarization for two distinct ports. 
Figure 3 depicts a second exemplary compact an- 
tenna of planar type with annular slot offering one 
and the same polarization for two distinct ports, ac- 
cording to the invention. 

Figure 4 depicts a set of curves obtained by simu- 
lation which illustrate the variations in the matching 
and in the isolation for an antenna with two ports, 
according to Figure 2 and the variations in the 
matching for an antenna with single port per feed 
35 line comprising a doubly curved part, such as drawn 
dotted in Figure 1 . 

Figure 5 depicts a set of curves illustrating the ex- 
pected variations in respect of the antenna with two 
ports according to Figure 2, on the basis of a simu- 

40 lation allowing for the parameters of real diodes. 

Figures 6 and 7 depict the radiation diagrams re- 
spectively obtained by simulation in the E and H 
planes, corresponding to the xOz and yOz planes 
of the reference trihedron, for a slot with two ports, 

45 according to the invention and for a known slot, with 
offset port. 

Figure 8 depicts a set of curves illustrating the 
cross-polarization and the co -polarization which are 
obtained in the H plane for an antenna with two 
50 ports according to the invention, as is depicted in 
Figure 2, in the two cases where one port is active 
while the other is off . 

[0010] The compact antenna, described hereinbelow, 
55 is more especially intended to equip a telecommunica- 
tions terminal including a rig for transmission and a rig 
for reception by radio which alternately utilize the anten- 
na to transmit and receive. 
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[0011] The basic layout depicted in Figure 1 shows 
an exemplary known compact antenna of planar type 
with annular slot 1A. This antenna is assumed to be 
made on a substrate metallized on both its faces, it is 
capable of being utilized in transmission and in recep- 5 
tion, when it is associated with a conventional antenna 
switch. 

[0012] The annular slot 1 A, shown in circular form, is 
made for example by etching, on one of the substrate's 
metallized faces which is intended to constitute the earth 
plane of the antenna. 

[0013] A feed line 2A is provided for feeding the an- 
nular slot 1 A with energy, via an antenna switch, not rep- 
resented. It is for example made in microstrip technolo- 
gy or in coplanar technology. 

[0014] In the example proposed, it is assumed that the 
feed line 2A takes the form of a microstrip line which is 
positioned on the other side of the substrate with respect 
to the slot and which is disposed radially with respect to 
the centre of the annulus formed by the slot, as illustrat- 
ed dashed. The line/annular slot transition is made in a 
known manner so that the slot lies in a short-circuit plane 
of the line where the currents are biggest. The perimeter 
of the slot 1 A is chosen equal to a multiple "m" of the 
wavelength to be guided, "rri" being a positive integer 
number. 

[0015] The resonant frequencies of the various pos- 
sible modes are practically integer multiples of the fre- 
quency fO and correspond in particular to the fundamen- 
tal mode, to the first higher mode, etc. The length of the 
line part situated inside the slot annulus is dependent 
on the wavelength of the signal which is to be injected 
into the line. 

[001 6] As is known, a deformation of the feed line has 
hardly any effect as regards matching and radiation. It 
is therefore possible to utilize this possibility, if need be. 
[0017] A feed line 2A* modified in this way is drawn 
dashed in Figure 1 , it comprises a rectilinear part, here 
situated essentially outside the interior space delimited 
by the slot, and a doubly curved terminal part extending 
a rectilinear part portion located in the interior space 
mentioned hereinabove. It is assumed to be dimen- 
sioned so as to operate on the same wavelength as the 
feed line 2A. Here the curvatures are utilized in order to 
distance the ends of the feed lines from the centre of the 
annulus, in such a way as to facilitate the hooking up of 
components to these ends. 

[0018] The studies carried out by simulation show that 
an antenna with circular slot fed by a line, such as 2A, 
and a corresponding antenna fed by a line, such as 2A\ 
exhibit practically the same radiation diagrams in the E 
and 

[0019] H planes. These planes correspond to the xOz 
and yOz planes of a reference trihedron whose xOy 
plane coincides with that defined by the substrate of the 
antenna comprising the slot 1 A, the point O then being 
located at the centre of the annulus formed by the slot. 
[0020] The same holds as regards the diagrams rep- 



resenting the matching as a function of frequency for the 
two antennas thus obtained. The various diagrams 
mentioned hereinabove are not all illustrated here inso- 
far as, on the one hand, the differences which they ex- 
hibit are practically invisible on the scale of the figures 
proposed and as, on the other hand, the curves which 
constitute them correspond to all intents and purposes 
to those which are depicted in Figures 4, 6 and 7. 
[0021] According to the invention, it is chosen to as- 
sociate two feed lines with at least one annular slot of a 
planar, compact antenna so as to obtain two distinct 
ports having the same polarization. Accordingly, two 
microstrip lines are, for example, provided. They are lat- 
erally offset in a corresponding manner on either side of 
a theoretical axis x'x passing through the point O situat- 
ed at the centre of the slot annulus, this point O serving 
as origin for a reference trihedron whose xOy plane co- 
incides with the plane of the antenna substrate. Specif- 
ically, a study by simulation shows that a slight offset 
has practically no effect, the diagrams obtained and in 
particular those for radiation and matching versus fre- 
quency correspond to those mentioned hereinabove. 
[0022] According to the invention, there is also provi- 
sion to be able to act by switching at the level of the 
respective ports of each of the two feed lines in such a 
way that each port can be rendered active or passive 
alternately, according to need. This switching can be ob- 
tained by various means, it can in particular enable the 
antenna to be fed via one of the lines whose port is ren- 
dered active by way of a switching facility, while the feed- 
ing of the antenna via the. other line is turned off by the 
action of a second switching facility. 
[0023] A first example of a compact antenna accord- 
ing to the invention is depicted in Figure 2. This antenna 
comprises an annular slot 1B fashioned at the level of 
a face of a substrate, in a manner which corresponds to 
that envisaged for the slot 1 A. Two feed lines 2B and 
2B' are provided, they are assumed here to correspond 
in their forms to the feed line 2A\ It is alternatively pos- 
sible to make them along the example of the feed line 
2A, as envisaged hereinabove, or to give them some 
other appropriate form and, for example, a form com- 
prising a single curve per line, ratherthan a double curve 
such as illustrated in Figures 1 to 3. 
[0024] In the exemplary embodiment proposed in Fig- 
ure 2, the two feed lines 2B and 2B' are assumed to be 
symmetrically offset on either side of a half-axis Ox of 
the reference trihedron centred on the centre O of the 
slot annulus 1B. The lines 2B and 2B' which are illus- 
trated comprise rectilinear parts running parallel to the 
half-axis Ox. Two ports 4B and 4B' conventionally each 
make it possible to feed one of the lines 2B, 2B' via an 
end. This end is here assumed to be situated outside 
the interior space delimited by the slot 1 B. 
[0025] Two switching facilities make it possible to act 
on the impedances respectively exhibited by the feed 
lines. Here these facilities are represented in the form 
of diodes 3B and 3B' which make it possible for an end 
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of each of the feed lines to be earthed separately, when 
they are switched to the on state. 
[0026] The feed lines 2B and 2B' are for example de- 
signed to be utilized alternately the one for transmission 
and the other for reception and the diodes 3B and 3B' 
are therefore selectively voltage-controlled in a manner 
known per se so that one is on and the other off. One 
and the same antenna polarization can be obtained in 
both cases. Other forms of utilization can also be envis- 
aged and in particular two feed lines such as 2 B and 2B' 
can enable two different circuits to transmit alternately 
by means of the same antenna with slot 1 B in the same 
frequency band; for example by utilizing different stand- 
ards, such as Hiperlan2 for one and 
[0027] IEEE 802.11 a for the other. 
[0028] The switching facilities and hence in particular 
the diodes envisaged here are placed on the same side 
of the substrate as the microbands of the feed lines, this 
being facilitated by the curvature given to these lines. In 
the example proposed, the diodes are each linked to an 
end of a supply line, away from the port via which the 
line is fed, this end being that which is in the space in- 
ternally delimited by the slot annulus. Each of them is 
turned on or off according to the bias voltage which is 
applied at the level of the port of the line at the end of 
which it is linked. 

[0029] When a diode situated at the end of a feed line 
is off, the impedance exhibited at the line end is equiv- 
alent to an open circuit and it is manifested as a short- 
circuit at the level of the line/slot transition, when the 
choice of line length corresponds to a quarter of the 
wavelength Am, this allowing coupling between the line 
and the slot. On the other hand, when a diode at the end 
of one of the lines is on, the impedance at the extremity 
of this line is equivalent to a short-circuit and it is man- 
ifested as an open circuit at the level of the line/slot tran- 
sition, thereby preventing coupling between the line and 
the slot. 

[0030] The annular slot 1B can have a non-circular 
form making it possible to increase its perimeter and re- 
sulting for example from one or more indentation defor- 
mations which are oriented towards its centre O in the 
plane of the substrate in which it is made. These defor- 
mations are situated in the short-circuit plane zones for 
the slot, where the electric field is a minimum. 
[0031] Moreover, an annular slot such as depicted in 
Figure 2 can be associated with at least one other slot 
in an antenna so as to allow this antenna to operate at 
several frequencies. One of the slots is then located at 
the level of the interior space which lies at the centre of 
the other. Each slot is dimensioned to operate at a fre- 
quency. The excitation of the slots can be obtained via 
feed lines such as envisaged hereinabove, each slot be- 
ing crossed by the two feed lines with which the antenna 
is furnished. This enables in particular a muttiband and/ 
or broadband antenna to be made. 
[0032] A variant embodiment of a compact antenna is 
proposed in Figure 3, the annular slot 1 C envisaged cor- 



responds to the slots 1A and 1B. Like them, it can be 
associated with another concentric annular slot operat- 
ing at the same frequency and in a different mode. Two 
feed lines 2C and 2C* are also envisaged, here they are 

5 assumed to have a form which corresponds to that of 
the feed line 2A\ while being disposed symmetrically 
with respect to the centre O of the slot annulus 1C. 
These feed lines 2C and 2C* may possibly be aligned 
along the x'x axis passing through the centre O which 

10 serves as origin for a reference trihedron whose xOy 
plane coincides with the plane defined by the antenna 
substrate. Here they are assumed to be disposed par- 
allel with respect to this axis x*x. Two ports 4C and 4C\ 
situated on either side of the slot annulus, each make it 

is possible to feed one of the feed lines. Two diodes 3C 
and 3C make it possible to act on the impedances re- 
spectively exhibited by the feed lines 20 and 2C at the 
level of the line/slot transition. 

[0033] The coupling of the slot 1 C, alternately to one 
20 orthe other of the feed lines 2C and 2C\ can be obtained 
under the same conditions as for the coupling of the slot 
1 B to the lines 2B and 2B\ 

[0034] Thus, for example, the application of a zero 
voltage at the level of a port, such as 4C or 4C, is used 

25 to turn off the diode to which it is linked, such as 3C or 
3C respectively, and therefore enables this port to be 
active. The application of an appropriate positive volt- 
age Vcc at the level of the other port causes the diode 
to which this other port is linked to conduct and renders 

30 this port inactive. 

[0035] Moreover, the annular slot 1 C can be deformed 
and/or associated with another slot, for the same rea- 
sons and under the same conditions as the slot 1 B. 
[0036] Figure 4 makes it possible to illustrate the sim- 

35 ulation results obtained for a planar, compact antenna 
with annular slot and with two ports offering one and the 
same polarization, according to the invention, as depict- 
ed in Figure 2. 

[0037] This simulation assumes that one of the diodes 

40 3B and 3B' corresponds to a perfect short-circuit and 
the other to a perfect open circuit. It yields the variations 
in the matching and in the isolation which are obtained 
as a function of frequency, the measurement units being 
decibels and gigahertz respectively. By way of refer- 

45 ence, the curve °a" of Figure 4 illustrates the variation 
in the matching in the case of an antenna with annular 
slot furnished with a doubly curved feed line which is 
offset, as depicted under the reference 2A' in Figure 1 . 
A matching value of -22 dB is obtained there for the cen- 

50 tral frequency which is 5.80 GHz. This curve *'a" allows 
comparison with the result illustrated by the curve "b M 
which is obtained in the case of an antenna with annular 
slot furnished with two ports, as depicted in Figure 2, the 
two antennas under comparison having equivalent an- 

55 nular slots. The simulation shows that the matching ob- 
tained with the antenna with two ports of Figure 2 cor- 
responds practically to that obtained with the antenna 
with single offset port of Figure 1 . The curve "c" of var- 
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iation of isolation between ports, as a function of fre- 
quency, shows that the isolation, which can be obtained, 
always remains greater than 20 decibels in the case of 
the antenna with two ports. 

[0038] Figure 5 makes it possible to illustrate the sim- 
ulation results obtained for the antenna, as depicted in 
Figure 2, when the parameters of real diodes are taken 
into account. 

[0039] Curve "a1" illustrates the variation in the 
matching as a function of frequency and it shows that 
the curve, with a V shape, which is obtained corre- 
sponds to curve "a" depicted in Figure 4, apart from a 
slight offset towards the high frequencies for the central 
frequency, it being possible for this offset to be eliminat- 
ed, as is known. The curve "d" of variation of the iso- 
lation between ports, as a function of frequency, shows 
that the isolation retains a value of around 20 decibels 
in particular in the vicinity of the central frequency. 
[0040] Figures 6 and 7 depict the radiation diagrams 
obtained respectively in the E and H sectional planes, 
for a slot with offset port, such as the slot 2A' of Figure 

1 , and a slot with two ports, such as is depicted in Figure 

2. It is undeniably apparent that the dashed graph which 
is referenced "d" in Figure 6 is not modified in its general 
form relative to the solid graph referenced M e" which is 
established for the slot with offset port according to Fig- 
ure 1 . 

[0041] Figure 8 depicts a radiation diagram in the H 
plane wherein are illustrated the graphs representative 
of cross-polarization and of co-polarization for the an- 
tenna illustrated in Figure 2. The graph referenced "F" 
corresponds to the cross-polarization obtained when 
the diode 3B is off, while the diode 3B' is on. The left 
lobe of the graph is then offset upwards in the diagram 
relative to the right lobe which remains practically cen- 
tred on the x'x axis, despite a slight upward offset. The 
graph referenced "g u corresponds to the cross-polariza- 
tion obtained when the diode 3B' is off, while the diode 
3B is on. The right and left lobes of the graph "g", which 
are obtained, are disposed symmetrically with respect 
to those of the graph T in a symmetry along the x'x axis 
and they are therefore offset downwards in the diagram 
in a manner which corresponds to the upwards offset 
which relates to the lobes of the graph T. 
[0042] The co-polarizations which are obtained under 
one or the other of the two diode conditions stated here- 
inabove, are manifested as graphs which practically co- 
incide at the level of the diagram depicted and on the 
scale considered with a graduation in intervals of 6 dec- 
ibels. These two graphs are therefore illustrated here by 
a single dashed plot which is referenced "h". 
[0043] This shows that under good conditions it is 
therefore possible to obtain one and the same polariza- 
tion for two ports per feed line, at the level of a compact 
antenna with annular slot fashioned at the level of a pla- 
nar substrate. As indicated earlier, the annular slot can 
be a circular or deformed annulus, and it can be asso- 
ciated with at least one other annular slot positioned like 



it in the same substrate zone. The two feed lines, as- 
sumed here to be made on a substrate face where they 
unfurl as a rectilinear part and a curved or rectilinear 
oblique part; this part being Illustrated here In the form 
s of a double curve. They may possibly be made in differ- 
ent forms and/or in different respective positions, de- 
pending on need. 

[0044] The switching facilities which here are as- 
sumed to consist of diodes may of course be embodied 
10 in various functionally corresponding electronic or elec- 
tromechanical forms. In the case of diodes, it is of course 
possible to modify the directions of bias, if this is useful 
. for the application envisaged. 

15 

Claims 

1. Compact, planar antenna made on a substrate 
comprising an annular slot (1B) which is dimen- 

20 sioned to operate at a given frequency and which 
is placed in a short-circuit plane of a line (2B), re- 
ferred to as the first line, via which this antenna slot 
is fed, characterized in that it comprises a second 
slot feed line (2B') which is symmetrically disposed 

2s with respect to the first line in the line short-circuit 
plane common to them, each of the feed lines, fur- 
nished with a port (4B, 4B') making it possible to 
supply the antenna, being connected to a switching 
facility (3B, 3B') by way of which this port can be 

30 rendered active or passive. 

2. Antenna, according to Claim 1, characterized in 
that it comprises two feed lines (2B, 2B*) symmet- 
rically offset on either side of an axis passing 

35 through the centre (O) of the annular slot (1 B) which 
these lines make it possible to feed. 

3. Antenna, according to Claim 2, characterized In 
that each of the feed lines, with which it is furnished, 

to comprises a rectilinear part crossing the annular 
slot at the level of which it creates an excitation 
point, the respective rectilinear parts of these lines 
being disposed parallel to one another. 

^5 4. Antenna, according to Claim 1, characterized in 
that it comprises two feed lines (2C, 2C) which are 
symmetrically disposed with respect to the centre 
(O) of the annular slot (1C) which they make it pos- 
sible to feed. 

50 

5. Antenna, according to Claim 4, characterized in 
that each of the feed lines, with which it is furnished, 
comprises a rectilinear part crossing the annular 
slot at the level of which it creates an excitation 
55 point, these rectilinear parts being aligned along an 
axis which passes through the centre (O) of the an- 
nular slot. 
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6. Antenna, according to Claim 4, characterized in 
that each of the feed lines, with which it is furnished, 
comprises a rectilinear part crossing the annular 
slot at the level of which It creates an excitation 
point, these rectilinear parts being parallel to an axis 5 
which passes through the centre (O) of the annular 
slot and with respect to which they are laterally off- 
set. 

7. Antenna, according to one of Claims 3, 5 or 6, char- 10 
acterized in that each of the feed lines with which 

it is furnished, comprises a straight or curved termi- 
nal part, disposed obliquely with respect to the rec- 
tilinear part, by way of which is crossed the annular 
slot which these lines make it possible to feed, this '5 
terminal part being situated in the interior space de- 
limited by the annulus formed by the slot. 

8. Antenna, according to one of Claims 1 to 7, char- 
acterized in that it comprises feed lines whose 20 
switching facilities are electronic facilities or elec- 
tromechanical facilities. 

9. Antenna, according to Claim 8, characterized in 
that it comprises two feed line switching facilities 
consisting of earthing diodes, the one turned on and 
the other turned off alternately by voltages which 
are applied at the level of the ports respectively pro- 
vided for the feed lines to which these diodes are 
individually assigned. 

10. Antenna, according to one of Claims 1 to 9, char- 
acterized in that it comprises feed lines made in 
microstrip or coplanar technology. 

11. Antenna, according to one of Claims 1 to 10, char- 
acterized in that it comprises at least two annular 
slots made in the same plane and one inside the 
other whose annuli, circular or otherwise, are each 
crossed by two feed lines with which the antenna is *o 
furnished. 

12. Telecommunications terminal including an antenna, 
a rig for transmission and a rig for reception by ra- 
dio, characterized in that it comprises an antenna 45 
according to one of Claims 1 to 11 . 
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